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WsoBperenvte otmocwtch k o6pa6orxe Me* 
Tewna Aao^HvteM* b m3cthoc™ < TexHonorwH 
vororoanetin* fo<t>pMpOBaMHbix Tpy5. 

Ochobmumh onepauvwtMM b TexHo/iorMHe- 
ckom npouecce warOToeneHWH tohkoctchhux 
ro4>PMpo&aMHWx Tpy6 »B/iAetcs xonOAHa* Ae- 
4>opMBUMSi/ManpHMep aonoseMue w npoxaTxa 
tpyb, xwMM^ecxaK o5pa6oTica. TepM*w<5CKa« 
o6pa6otxa aa» ch^tmr OCT3TOHKWX Hanpaxe- 
wi*« BOSHwicaioiuvix b peaynbrate Ae<J>opMa- 
uviw w npo4>vi/mpoeaHHsi mctoaom HaxaTXM. 

VtSBectaM cnoco6 w3roToan€MM» rpy6 c 
npoAO/ibH^MW ro<t>paM* nyreM AayxaTariHoro 
4>opMOBaMWa Tpy6bi-3arOToaKw. npwMeM na 
nepaoM dme ee ro4>pupyK>T paAua/ibHUMw 
ycM/w**M, a Ma btopom arane o6**m3k>t b 
npo^w^MpoBaMMO^ BO/ioice. 

OAwaro eo3Hw»caiouuie a peaynbtate 
oojkhoA Ae4>opMa4mi ocTdTOMHwe nanpHMe- 
hm* ne Aa«>T AocraTovMOtf nonepe**MOft npon- 

HOCTM , CT3HOBMTCP XpyHKMM M 



(54) CnOCOB H3rOTOBJlEHHfl rO<DPHPO- 
BAHHOrO CTA/tbHOrO HJlACTbtPfl 
(57) CymMocTb w3o6peTew*t*: TepMoo6ps6oTKy 
niacrup* ToxaMM bwcoxo* nacTOTbi ocyiuecr- 
B/iHK>T nocne ro<t>pwpoBaHwa. a cwaaoMHbia 
c/iofl hbhocat nODTOpHo noc/ie ox/iaxAenwa. 
npeA/iaraeMUft cnoco6 noaao/ineT aa c^er no- 
BMUieMMH n/iacTviMMUx cboACtb MeTan/ia na- 
AexcHO o6ecneMWTb repMe™3auw*o 
pewoHTupyeMoro yqacxxa cK8a*KHU. 1 rao*. 



HenpnroAeH a xa*«ecY8e .niactbipa npu peMOM 

T8 06CaAH0* KO/IOHHW 8 CKB3*V*He. 

JVl* CHftTMfl OCTBtOMHUX HanpSUXeHMtf Tpy- 

6u noAaepraiOT xepMw^ecKO^ o6pa6oTKe - ot- 
jxwry b nesax wna nCO-06 m/i»4 r "O-09 « 
nonyM^HMJi Ha Tpy6ax oxwcuoft nnenxn, ew- 
nonM«x>iuevt ^yHKUwn noAMaao^noro noxpw- 
tmr m o6naAaK>iue(^ AOCTaTOMHOw 
nopwCTOCTbK) w ^ACOp6^nOHHO^l cnocoOrto- 
ctb*o x CMaa<e. 

VIsbbctch 7a»oxe cn6co6, npw kotopom 
TOHxoc-reHMbie npo^wnbHbie Tpy6w npae^T 
pacnuxeHMOM m pa3A3ne« c HarpeBOM na aneK- 
TpoTepMWMecxoM o6opYA0eaKun. CHasa/ia aa- 
r OTOBKy Tpy6w HerpeaaiOT tok3mv, 
conpOTHB/^M^ ao taMnepaTypb* o^ut a. a 
aarcM nocne ox/iaXAeHnsi pa3Aax>r npn noMO- 

xoMWMecxo^ onpdBicn. 

HeAOCTatOK cnoco6a aax^^MaeTCP a tom. 

HTO Op0 M3A05X6HWM f»ABCTbip$* H3 KeOTOXCH<ert- 

Hbix xoyQ MO>xeT opowcxoawrb paspue no 
npo<t>M/»bHoft at>pasy*omevH. a np* Hano>xeH M i4 
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nnacTupa wa OToxwennbix TpyO c nocneayKr 
iuwm ro4>pMpoeaMMeM mo*ct r.poncxOA"T*o5- 
pa3oeaMwe.MPiKpo7pemMH bo enaAwnax vi na 
BwCTynax npOAOnbHux ro$p npu Ae<J>opM3u"« 
wx AO uunuwAPvmecxod 0opMw, xorAa ee nnox- 
ho npn*MMax>x (HaKarwaaiOT) AopHupyiome* 
ronOBXQ* k BHyTpe-MHev^ noBepxHOCT* o6c*a- 
wo* ko/iohhw. B pe3y/«bTare He o6ecneMuaa- 
erc* HaaetfHocTb repMe™3aun* v»3-3a 
hwsko* n/»8CTMMHOCTM Meranna ro^pwpoeaH- 
Horo nnacTbipa, 

UenbW n3o6psTeHnn HenAexca noBbiuje- 
Hue HaAe^MOCTM repMeTV^auuw o6cax<eHHoa 

CKB3)KMMU nyTeM nOBWUJeHMR nnaCTMMHOCTVI 

MBTanna nnacTbipa. 

CyiUHOCTb M306peTeHMfl 3aKnKNaeTCa B 
TOM. HTO T6pM006pa60TKY T0K3MH BblCOKOM MS- 

ctotw ocyiueCTBnniOT nocne ro<t>pwpoBam*fl, a 
.3aTeM noBropHO MaHOCwTCMaaoMHbiwcnovi. 

B pe3ynbTaie 3HaKonepeMenHbix Ae<t>op- 
M auuA, KOTOpbiM noAsepraeicfl Metanna rpy6 
npw ro^pi^pOBaHMii *ax b npouecce M3roioB- 
ACMMfl nnacYbipetf, tbk \a npu pa3Aane e npo- 
uecce yCTaMOBK* 0 CKB3>KHHax. fipOMCXOAHT 

3MawTenbHoe ynpOMHeHwe Mexanna. npvineM 
Kaw6onbtune 3HaneHn* ynpOMHeHH* npwxoA" 
juch Ha BnaA^Hbi ro4>pnpoBaHHwx Tpy6. 

M3MeneMwe ToepAOCTM (Hv) CTanw Mapxn 
10 npw fepM006pa6oTKe, ro^pupoeanviw m 
pasAa^e rinaCTbtp* no*a$aHO b TaSnwue. 

l/U Ta6nvtuw bmaho. mto TBepAOCTb Meran- 
iia nnacTbipa nocne pasaaw b oScaAHoft Tpy- 
6e AOdnraeT Haw6onbujMx 3h3MSHm^, ecnw 
nnacTwpb M3roTaanvi8ancH w3 8eTepM0o6pa- 
GoxaHHO^i Tpy6w. (lpvi uaroToeneHiit* nnacTbi- 
pew H3 npeABapmeAbHO TepMoo6pa6oTaMHUK 
Kpyr/ibix Tpy6 npw ro<t>pvipOBaHiiv\ reepAOcrb 
necKOribKO cHwxaeTc* no cpaeHenwK) c Herep- 
MOo6pa6oTaHHbiMn aaroToaxaMti. ho nocne 

pa3A3MH TBOpAOCTb 603paCTaeT OOHTM ao tou 

xe Be^wMMHw. 4T0 n 6e3 TepMOo6pa6oTxw. Ho- 
cne repMwsecKOw o6pa6oTxw rocfrpwpOBaHHwx 
Tpy6 c warpeaoM tok3mh bucokom h3Ctotw 
ToepAocTb nx CHurcaeTC* 3Ham*Te/ibHo. a no- 
cne pa3A*Mw ona MeHbiue. MeM y neTepMOo6- 
pa6ota hhwx. 

B oTDimwe ot neMHoro raaoaoro Ha- 
rpeaa npu o6pa6oTKe 3aroT0exw ToxaMH bwco- 
kq* ^actoTW hpovicxoamt He3Ha4wTe^bHoe 
M3MeHSH^e 4>opmu ee npo^vin«. Ha nooepxHo- 
ctv»Tpy6u o6pa3yeTCfl tohkm^ enow ok3/imhw, 
KOTOpwrt'Me orcnaneaeTc» b npouecce Ae<l>op- 
MauwM ~ oawaw> CMa30MHww enow HanocwT- 
cp na BHyrpeHHioio noBepxwocTb 
oTo*xeMHbix npoAonbHo-ro<})pvipoBaHHbix 
T py6 nocne ox/iattAenua. Oh npeAOXpanper 
BnyrpeHHiOK) noBepxnocTb ot Koppo3noriHoro 
pa3pyiueHui» a npouecce 3KcnnyaTauvi" M CH ^ 
>xeHMfl oceowx yew™* e npouecce pa3AaMM 
nnaCTbtpiBM. — 



n p m m e p. A* 1 * pcMOHta oGcaAHOvH ko- 

/10M«bJ A MaMeT P° M l46MMt TOntUV^HOM CTBHiiU 

8 mm n/iacrwpb viaroraanHRaiOT ws tohkoctch- 
mom Tpy6bi iinaMerpOM 130 mm c ToniuwHort 
5 creHKH 3 mm n3 ctann MapKti 1 0. AnwHa T py6w 
9-11.5 m. 

Ha BHyTpeHHKJK) noaepxHocTb Tpy6w na- 
hocwt c/iotf rpa(J>nTOBOM vinvi Apy^oi^ cm33Km. 
npeAH33HaHCHHoa a^» CHwxceHvw yen/in^ roip- 
10 pwposaHnfl. To^pvipoeaMwe uMnnHApwMecxo^ 
rpyObi npon30OAPT na cneuwaibHoft ycTanoB- 
xe sepe3 po/iwxoeyio ro/ioexy c BnyTpeHHevi 
npo4>nAbHO^ onpaeKOfl. flonyMaeTCfl npoAo/ib- 
HO-ro<>pvipOBaHMaH Tpy6a c HapyxHwM A^a- 
15 M6T pOM 116 mm h muc/iom ro^p 6 wnn 8. 33TCM 
np0M3B0AMTC« PHXTOBK8 fO(|)p^pOBaHH0i?»TpY- 

Ow nociie OTpeSKH ee na 3aA3HHyx> A^MHy. 

3aieM npo*30OAHTCR TepMnnecicafl o6pa- 
6oTKa npOAO/>bHo-ro<t>pMpooaHHO(?i rpy6u - 
20 HopMannsauwa c narpeBOM TOitaMw bwcokoW 
sacTotbi na ydatiOBKe BMT 30/6. npvi stom 
npoAonbHO-ro4>pupOBaHHa» tpy6a ycTanae- 
AneaeTC« ropvisoHTanbMO na poamkobux ono- 
pax n c onpeAe/ienHOrt cxopocTbio 
25 npoABv^raeTcw sepes whayktop. 

Oxna>«AeHiie rpy6bi npow380AWTc» h3 
ao3AYxe. CM33K8, xoTopa« 6wna HaHecena ne- 
peA ro^pupoBaHMeM. BwropaeT, 

Tax xax b c<Ba>KMHe npn yCTaHoexe nna- 
30 CTwpfl b KHTepBa/ie peMOHta npowssoAHTcw 
pa3Aa^a nnacrtipA ao xpyr/io* 4>opMb< m npw- 

*3TKIR K CTeHKe 06C3AH0M Tpy6bl. TO npW 3T0M 
B03HMXa*OT 60AbUJHe XOHT3KTHbie Harpy3Kn 

Me>KAy n/racTwpeM h hhctpymchtom a/»« P**' 
35 Aasn, Rn* CHH>KeHW» 3Tmx narpysox na anyT- 
peHK»o»o noBepxHOCTb n^acTwpfl h3HOcmtc» 
BTOpWMHO CMa30MHWV1 CHOfl, KOTOpWW cny)xwT 
xax ah« cHtDxeHUH ycunuft, B03HMKaK>mwx npti 
pa3Aa<^e n^acrb»p«, tsk m npeAOxpaneH^ 
40 3Tort noBepxHocTM ot xoppo3uoHHoro pa3py 
iueHW« a npouecce 3xcnnyaTau^vi. 

CoMeTaHne TepMnsecxoCi o6pa6oTKi4 nna- 
CTwpeft nocne ro4>pwpoBaHw» m Ha^-ceHwe 
CMa30MHoro cnosa Ha BHyTpeHHioto noae^x- 
45 nocTb nocne TepMMMecxo^ o6pa6oTxu no3ao- 
n«K)T noewcuTb nnacTut^HOCTb MeTanna 
nnacTwp o6ecneMMTb 6naroAapfl stomy na- 
Ae>xHocTt, repMeTM3auuin peMOHTvipyewo^ 

' CKB3XV1HW. 

50 

<X> opMyna M3o6peieHH» 



Cnoco6 M3fOTOBneHM$» ro^pwpoeaHHoro 
cranbHoro nnacTwpfl. npeuiMytueooeHHO an* 
55 peMonra o6caxeHH 0 ^ CKBd^HU. BKniOMaK)- 
mvifl TepM0o6pa60TKy aarOToaxw. Hanecehuie 
CMa30MHoro cnofl na BHyTpeHHK)»o noeepxnocTb 
aaroTOBxui w ee ro^pwpoeaHvte. omwHaiomMfr 
c fl tcm. ^rro, c uenbK> noebJiucMnw naAOXHOCTu 
repMerH3auMM o6ca>xeHHOfc cxb.iscmhw nyreM no- 
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Bbiiuenvf» nnacTMHHoc™ MeTa/ina n/iacTwp*. ocymeCTB/iaKrr nocne ro^pMpoeanw*. a aareM 
TepMOo6pa8oTicy tok3mm oucoko* sacTorw no&Topno h8moc«t cMa30Nr,mrt cnou. 



flcxoAMoa cociofl- 
hh6 MaTcpua/ia 


Bma 06 


>a60T*H 


flo ro^pMpoeaHMn 


floc/ie ro4>p«po- 

B8HH«5 


TepM005pa6otKa 
nocne ro4>pnpoea- 

MMfl (HOpMa/1M3d- 

UM») c HarpeBOM 

TOK3MW BWCO- 
KOt/l ^aCTOTbll 


nocvte paaAa^^ 


Bea T©pMOo6pa- 
C TCpMOo6pa5CT* 

KOft 

663 T«pMOQ5pe- 
60TKM 


1570 
1350 
1570 


1750 
1660 
1750 


1350 


2020 
1966 

1750 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 



1749267 
2 



unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 



1749267 
3 



that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1 .5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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